CONVERSION FACTORS FOR INCH-POUND SYSTEM AND INTERNATIONAL SYSTEM OF UNITS (SI)
[For use of those readers who may prefer to use metric units (SI) rather than inch-pound units, the conversion factors for the terms used in this report are listed below]
To convert from inch (in . ) foot ( 
INTRODUCTION

Douglas
County is studying the feasibility of developing a water-storage project on Cow Creek east of Azalea, Oreg.
The county requested the U.S. Geological Survey (USGS) to cooperate in a study that would aid in assessing the impact that the proposed Galesville Reservoir would have on suspended-sediment concentration and turbidity in Cow Creek.
As part of this study, Douglas County personnel conducted a 6-month sampling program during the period December 1930 through May 1981 This report is a presentation and interpretation of the data collected.
The Cow Creek basin above the proposed Galesville Dam site is in the extreme southern part of Douglas County ( fig. 1) . The Galesville site is 1 1/2 miles upstream from the USGS streamflow station, Cow Creek near Azalea, Oreg. The drainage area at the gaging station is 78.0 mi .
The proposed reservoir at full capacity will cover an area of 620 acres and have a storage of 33,000 acre feet.
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Purpose and Scope
The purposes of this report are to (1) determine the baseline suspended-sediment concentrations and turbidity values in Cow Creek near Azalea, (2) determine the suspended-sediment concentrations and loads and turbidity values for selected storms for Cow Creek near Azalea, and (3) present a method for estimating turbidity in the proposed reservoir.
All samples were collected from Cow Creek near Azalea (station number 14309000), where the USGS operates a streamflow recorder.
Because of Douglas County f s immediate need to assess the impact of the proposed Galesville Reservoir on the sediment and turbidity regimens in Cow Creek, samples were collected only from December 1980 through May 1981.
Previous Studies
Douglas County personnel collected suspended-sediment data from 1956 to 19&7 at 10 sites in the Umpqua River basin, including Cow Creek near Azalea.
Those data were reported and the results of estimated sediment yields summarized in a report by Onions (1969) .
Additional suspended-sediraent data were collected from 1969 to 1973 at the same 10 sites and a report was published by Curtiss (1975) that updated estimates of sediment yields reported earlier by Onions.
DATA COLLECTION
All samples were collected and analyzed using standard USGS procedures (Guy, 1969 and 1970) . Tables 2, 3 and 4 include all the data collected from Cow Creek during the 6-month collection period. Table 4 shows the mean daily flow, sediment concentration, and sediment discharge for the same period. Sediment discharge was estimated for those days when samples were not collected.
The sediment discharge for days of rapidly changing flow or sediment concentration was computed by the subdivided-day method that results in a time discharge-weighted load for the day (Porterfield, 1972) .
Samples were collected two to ( three times per week and analyzed for sediment concentration and turbidity in order to define baseline conditions. During major storm events, samples were collected every 3 to 6 hours.
Samples containing an adequate amount of sediment were analyzed for particle-size distribution.
Turbidity values for the samples collected prior to January 28, 1981, were determined in the Geological Survey laboratory in Portland, Oregon.
After that date, turbidity values were determined on site at the time of collection by Douglas County personnel using an instrument similiar to the one used by the USGS.
The only major storm event that occurred during the sampling period was December 2-4, 1930.
Much of the interpretation in this report is based on data collected during that storm. Figure  2 shows the storm hydrograph and the suspended-sedimentconcentration graph.
The sampling program began on December 2, 1980, which coincided with the date of the peak flow for the year. The magnitude of peak flow for the storm was 4,020 ft /s, which based on information from a report by Harris and others (1979) , equals an exceedance probability of 0.3, or a recurrence interval of 4 years. The sediment discharge for the December 2-4 storm event was 4,050 t and was equivalent to 95 percent of the total estimated load of 4,270 t for the entire 1981 water year.
12.0 --1100 0600 1200 1800 2400 0600 1200 1800 2400 0600 1200 1800 2400 DEC 2 DECS DEC 4 TIME, IN HOURS PER DAY FIGURE 2. Storm hydrograph with sediment concentration curve for Cow Creek near Azalea, Dec. 2-4, 1980. Although the magnitude of the December 2 flood was significant, the monthly mean flow for the data-collection period was below normal, except for December ( fig. 3 ). 
DATA ANALYSIS
Historical Comparison
Earlier investigations by Onions (1969) and Curtiss (1975) estimated annual suspended-sediment loads of 26,500 and 22,000 tons, respectively, for the Cow Creek near Azalea site. For comparative purposes, the sediment-transport curve used by Curtiss (1975) and based on 240 data points is shown in figure U along with the plotting of instantaneous samples collected December 2 and 3, 1980.
The 1931 water year instantaneous data points plot to the right of the sediment-transport curve; however, the points approximate the sediment-transport curve and, in particular, the slope. This indicates that the characteristics controlling the sediment regimen have not changed appreciably since the analyses by Curtiss and that the data collected in 1981 water year are in close agreement with the historic data. 
Clay-Size Fraction
In the past, investigations primarily were concerned with the impact of a stream on a proposed reservoir.
Today we are becoming more concerned with the impact of a reservoir on a stream.
This concern is directly associated with the persistent high-turbidity water being released by some existing reservoirs throughout the United States.
Clay-size particles generally are believed to be the major factor causing persistent high-turbidity water.
The Geological Survey describes the clay-size fraction as particles having a fall diameter equal to or less than O.OOU mm (millimeter). The fall diameter is determined using Stoke 1 s law and is directly correlated to fall velocity (Guy, 1969) .
Results of particle-size analysis of samples taken from Cow Creek near Azalea are plotted in figure 5 . Two values, .<0.062 mm and .10.004 mm, are plotted for each sample. Lines connecting the plotted points define sand, silt, and clay. The lines serve only the breaks to define boundaries and indicate possible trends.
A clay-size sediment-tran sport curve was multiplying the percent-finer-than 0.004 mm values measured suspended-sediment discharge value for each of samples analyzed for the December 2-4 storm (table plotting those values against water discharge ( fig. 6 ).
If the transport curve for clay sizes is applied computations used to determine measured suspended-sediment load, (table 3) a clay load can be estimated for the 1931 water year.
Only those days with significant sediment loads were used to compute the clay load; and the subdivided-day method was used for December 2-4. Ninety-seven percent of the total measured suspended-sediment load was transported during the 1981 water year on the days listed above.
The estimated annual olay load represents 26 percent of the total measured suspended-sediment load for the 1931 water year.
An estimated average annual suspended-olay discharge, based on 49 years of streamflow records, can be made by the flow-duration sediment-transport curve method described by Miller (1951) .
The suspended-sediment transport curve can be substituted for the clay-sediment transport curve that is shown in figure 6 . Table 1 shows the computations used to estimate the mean annual clay discharge. Information in columns 1, 2, 3, and 4 was taken from the flow-duration curve shown in figure 7 . Column 5 shows the clay discharge that corresponds to the water discharge taken from the duration curve. Note: Only those days having streamflow greater than 96 ft /s are used.
When each figure in column 5 is multiplied by the percentage of time (column 2), the product is the estimated mean daily clay discharge (column 6).
The sum of column 6 multiplied by the number of days in a year (365.25) is the estimated mean annual clay discharge.
As stated earlier in this report and illustrated in figure 3 , the flow during the 1981 water year in Cow Creek was below normal.
Similarly, the estimated 1981 water year clay-sediment discharge (1,100 t) was about one-third the estimated mean annual discharge of 3,700 t.
Turbidity
Rainwater and Thatcher (1960, p. 289) define turbidity as "the optical property of a suspension with reference to the extent to which the penetration of light is inhibited by the presence of insoluble material." Less precisely, turbidity is a measurement of the cloudiness of water. The units used to report turbidity are nondimensional , making it difficult to quantitatively analyze the data.
Turbidity is caused primarily by suspended mineral and organic sediments.
Phytoplankton and other micro-organisms are major causes of turbidity during summer months, particularly in water being released from lakes and reservoirs.
During winter months, turbidity is caused almost entirely by suspended mineral sediment, and persistent turbidity is caused by the fine clay-size mineral and/or organic sediments.
The instantaneous turbidity values obtained during the project period for Cow Creek near Azalea were plotted against discharge.
Flow-duration values ( fig. 8) were taken from the curve shown in figure 7 and superimposed on the x-axis.
If the assumption is made that the correlation between discharge and turbidity is stable, then an estimate can be made of percentage of time a turbidity value can be expected to occur in Cow Creek. Using the example shown in figure 8, 90 percent of the time flow will be 260 ft /s or less and the turbidity will be equal to or less than 15 NTU.
Construction of a dam on Cow Creek upstream from the sampling site would undoubtedly change the correlation between discharge and turbidity. To assess the impact of the proposed reservoir a post construetion correlation between discharge and turbidity could be made and compared to the correlation shown in figure 8.
Settling Characteristics and Residual Turbidities
In addition to the standard sediment and turbidity analyses that are included in tables 2 and 3, a test that measured residual turbidities in suspension was run on samples collected on December 3, 1980, from Cow Creek. The samples were composited into a graduated cylinder and mechanically dispersed with a churn for 1 minute. Sediments were allowed to settle under quiescent conditions, subsamples were withdrawn at selected time intervals at 5-cm depth, and turbidity was measured. The graphs in figures 9 and 10 show the results of the test.
The method used to determine residual turbidity of fine sediment is similar to the pipet method outlined by Guy (1969) for par tide-size analyses, except that no dispersion agent nor harsh mechanical dispersion was used and the settling medium was native water. If the basic assumption is made that the particles in the sample follow Stokes law, then fall diameters can be applied to settling velocities in the residual-turbidity graph. Figure 10 shows the relation between turbidities and time, with different particle sizes superimposed via time. 
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Preliminary evidence from the study indicates that a correlation exists between persistent turbidity and the 0.002-mm clay fraction of the suspended sediment over a range of concentrations. This correlation, coupled with a transport curve of the 0.002-mm size sediments, could be used to quantitatively assess turbidity in the proposed reservoir.
To correspond with the residual-turbidity test, the particle-size analyses used for defining the 0.002 mm transport curve may have to be run without using a dispersing agent or mechanical disperser. Because settling characteristics vary with different native waters, results from this type of procedure are not necessarily transferable to any other site.
The settling time for different size particles can be computed by using the following transformation of Stoke 1 s law (Rinella and McKenzie, 1982) :
where t = the fall time, in seconds; X = the fall distance in millimeters; d = the diameter of the spherical particle, in millimeters; and V = the viscosity of water, in poises at the water temperature.
Assume that the viscosity of the low-conductivity water of Cow Creek is equivalent to that of distilled water. Figure 11 shows the settling distances, under quiescent conditions, of sediment particles with different fall diameters after 30 days. The graph clearly illustrates the persistence of the particles of 0.002 mm and less in diameter. In pools of less than 100 ft depth, the particles with diameters greater than 0.004 mm generally can be expected to settle out after 30 days.
Where the settling rates and the amount of different sized particles are known, concentrations of sediments from different storm events can be examined as though they were in a hypothetical impoundment.
For example, if all the flow during December 2-4, 1930, from Cow Creek were impounded, the water and sediment were well mixed, and the water temperature was 10 C, the theoretical concentration of sediment at a 52-foot depth (after 20 days) in the hypothetical pool would be about 90 mg/L. This is based on a settling rate of 3.2 ft/d for 0.004 mm diameter particles and takes into account the dilution from inflow, assumes no other sediment input during the 20 days, and assumes quiescent pool conditions. Obviously, the pool will not be quiescent and factors such as wind and wave action and thermal stratification will tend to keep the sediment particles in suspension.
In the example cited above, the actual probably be greater than 90 mg/L and would with fall diameters of O.OOU mm or less. It may turbidity do longer than defined by accumulated by transport can be correlated to a be that those particles that cause persistent not obey Stoke's law, and will remain in suspension theoretically calculated.
These particles are their fall-diameter size, can be quantitatively curves, and the resulting concentration turbidity value. With more data and refinement of correlations, it may be possible of decrease to the persistent turbidity.
to assign a rate
SUMMARY AND CONCLUSIONS
For this report, suspended-sediment load was calculated for the 6-raonth sampling period from December 1980 through May 1981 and estimated for the remaining 6-month period to arrive at the 1981 water-year total of 4,270 tons. Ninety-five percent of the 1981 annual sediment load was transported in a 3-day period, December 2-4, 1980.
From the samples collected during that storm, a clay-transport curve was developed and used to estimate both the 1981 water year clay load and a long-term average annual clay load.
For this study, not enough particle-size analyses were made to develop a transport curve nor to make a quantitative assessment of the 0.002-mm fraction of the sediment load that most likely causes persistent turbidity.
A hypothetical discharge-weighted concentration in an impoundment could be computed for various times and depths after a storm event if the following data were available:
(1) load values for the different particle-sized classes, (2) accumulative streamflow runoff, and (3) water temperature.
A computed theoretical concentration of the less than 0.002-mm sediment in a hypothetical impoundment would give some indication of the possibility of a persistent turbidity problem, but would not in itself relate directly to a turbidity value or range of values.
However, residual-turbidity tests made on a number of samples over a range of concentration may show a good correlation between the less than 0.002-mm sediment concentration and persistent turbidity and that this correlation could be used to convert the computed discharge-weighted concentration to a turbidity value.
This estimated turbidity value possibly would be better expressed as a range of values based on the confidence of the computations.
This method of estimating would, however, provide an analytical tool in assessing the persistent turbidity potential of a hypothetical impoundment on a stream.
ADDITIONAL STUDIES
In this report a method of predicting the effect of hypothetical reservoir on stream turbidity was conceived that utilizes residual turbidity tests and a transport curve of the less than 0.002 mm sediments.
The following additional studies are suggested:
1. Continue storm sampling of Cow Creek before, during, and after construction of Galesville Reservoir. 2. Assess the effects of the proposed Galesville Reservoir on Cow Creek turbidity from data collected before and after construction of Galesville Reservoir.
The method described in this report for assessing turbidity applies the quantitative principles of sedimentation to predict a qualitative value for turbidity. The method, if verified, would provide an invaluable and inexpensive tool in determining potential turbidities in reservoirs where similar conditions exist. 
